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(54) Water-decomposable non-woven comprising regenerated cellulose fibers In different fiber 
lengths 

(57) There is disclosed a water-decomposable non- 
woven including a first regenerated cellulose fiber hav- 
ing a fiber length of 3 mm or more to 5 mm or less, a 
second regenerated cellulose fiber having a fiber length 
of 6 mm or more to 10 mm or less, and a natural fiber 
having a fiber length of 10 mm or less, In which at least 
the second cellulose fiber is entangled with at least one 
of the first regenerated cellulose fiber, the second 
regenerated cellulose fiber and the natural fiber. This 
water-decomposable non-woven Is bulky with soft . 
touch, and Is also excellent in both water decomposabil- 
ity and wet strength. 
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Description 

BACKGROUND OF THE INVENTION 
5 FIELD OF THE INVENTION 

[0001] The present Invention relates to a water-decomposable non-woven fabric capable of being readily decom- 
posed and dispersed In water flow. More precisely, it relates to a water-decomposable non-woven fabric having high 
strength in wet but capable of being readily decomposed in water. 

ro 

DESCRIPTION OF THE RELATED ART 

[0002] To w'Pe the skin of human bodies including the private parts thereof, or to clean toilets and thereabouts, 
used are cleaning sheets made of paper or non-woven fabric. The cleaning sheets must be decomposable in water so 
is that they could be directly disposed of in toilets after their use. This is because, if hardly water-decomposable cleaning 
sheets are disposed of in toilets after their use, they will take a tot of time until they are decomposed and dispersed in 
septic tanks, or will clog the drainpipes around toilets. 

[0003] For easy and effective use, many disposable cleaning sheets for wiper applications are packaged while 
being wetted with a cleaning chemical or the like, and are put on the market. Such cleaning sheets must have high 
20 strength in wet to such a degree that they are well fit for wiping with them containing a cleaning chemical or the like, but 
must well decompose in water after they are disposed of in toilets. 

[0004] For example, Japanese Patent Publication No. 24636/1995 discloses a water-decomposable cleaning arti- 
cle that comprises a carboxyl group-having, water-soluble binder, a metal ton and an organic solvent However, the 
metal ion and the organic solvent irritate the skin. 

25 [0005] Japanese Patent Laid-Open No. 292924/1 991 discloses a water-decomposable cleaning article of polyvinyl 
alcohol-containing fibers with an aqueous solution of boric acid infiltrated thereinto; and Japanese Patent Lald-Open 
No. 198778/1994 discloses a water-decomposable napkin of polyvinyl alcohol-containing non-woven fabric with a 
borate ion and a bicarbonate ton Introduced thereinto. However, polyvinyl alcohol is not resistant to heat, and therefore 
the wet strength of the water-decomposable cleaning article and the water-decomposable napkin is lowered at 40°C or 

30 higher. 

[0006] On the other band, Japanese Patent Laid-open No. 22821 4/1 997 discloses a water-degradable non-woven 
fabric having a wet strength of from 100 to 800 gf/25 mm as measured according to JIS P-8135, which is produced by 
mixing fibers having a length of from 4 to 20 mm with pulp followed by entangling them through treatment with high- 
pressure water jets. Since the constituent fibers are entangled in It, the non-woven fabric disclosed has a bulky fee!, 
as However, in producing the non-woven fabric, long fibers are entangled through high-pressure water jet treatment, 
whereby the non-woven fabric produced could have such a relatively high wet strength. Therefore, according to the 
technique disclosed, It is difficult to realize well-balanced bulkiness, strength and water-degradabifity for the non-woven 
fabric produced, and the non-woven fabric produced is unsuitable to disposal in flush toilets, etc. 

40 SUMMARY OF THE INVENTION 

' [0X7] The present Invention Is to solve the problems in the related art noted above, and Its one object is to provide 
a water-decomposable non-woven fabric which Is well decomposed In water and has high wet strength to such a degree 
that it is well usable in wet even though no binder Is added thereto. 
45 [0008] Another object of the invention Is to provide a water-decomposable non-woven fabric having well balanced 
wet strength and decomposabirrty in water, even though a relatively smaller amount of binder is added thereto than that 
in prior art 

[0009] The Invention provides a water-decomposable non-woven fabric comprising a first regenerated cellulose 
fiber having a fiber length of 3 mm or more to 5 mm or less, a second regenerated cellulose fiber having a fiber length 
so of 6 mm or more to 1 0 mm or less, and a natural fiber having a fiber length of 1 0 mm or less, wherein at least the second 
cellulose fiber Is entangled (or interwoven) with at least one of the first regenerated cellulose fiber, the second regener- 
ated cellulose fiber and the natural fiber. 

[0010] The water-decomposable non-woven fabric of the invention can keep sufficient strength during wiping 
works, even when it contains water. In addition, when it is Immersed in a large amount of water after used, it is readily 
55 decomposed. Therefore, after used, It can be disposed of in toilets, etc What is more, the water-decomposable non- 
woven fabric of the Invention Is highly bulky with soft touch and Is composed of materials not harmful to human bodies. 
[001 1] In accordance with the Invention, preferably, both the first regenerated cellulose fiber and the second regen- 
erated cellulose fiber have a fineness of 12 denier or less, more preferably, a fineness of 7 denier or less Furthermore, 
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It is preferable thai one of the first and second cellulose fibers has a fineness of more than one denier, while the remain- 
ing one has a fineness of one denier or less. In this case, preferably, the fineness (denier value) of the first regenerated 
cellulose fiber is smaller than the fineness (denier value) of the second regenerated cellulose fiber. 
[0012] In accordance with the invention, as to the aspect ratio represented by the formula (fiber length divided by 
s denier value) x 1 ,000, the first and second regenerated cellulose fibers are preferably at an aspect ratio of 400 or more 
to H.000 or less. In this case, preferably, the first regenerated cellulose fiber is at an aspect ratio of 400 or more to 
3,000 or less, while the second regenerated cellulose fiber is at an aspect ratio more than 3,000 to 14,000 or less; and 
the aspect ratio of the second regenerated cellulose fiber is larger by 300 or more than the aspect ratio of the first regen- 
erated cellulose fiber. 

w [0013] in accordance with the invention, the content of the first and second regenerated cellulose fibers preferably 
resides in the range of 1 0 to 50% by weight. 

[0014] In accordance with the invention, the basis weight (This may be referred to as "METSUKE") of the water- 
decomposable non-woven fabric is preferably 30 to 80 g/m 2 . 

[0015] In accordance with the invention, furthermore, the natural fiber is preferably soft-wood pulp. 
15 [0016] The water decomposability of the water-decomposable non-woven fabric of the invention as measured 
according to JIS P-4501 is preferably at 150 seconds or less. On the other hand, the wet strength of the water-decom- 
posable non-woven fabric of the invention is preferably 100 g/25 mm or more. 

[0017] The water-decomposable non -woven fabric of the invention can be produced by entangling the fibers at 
water jetting treatment. 

so [0018] In the water-decomposable non-woven fabric of the invention, additionally, the wet strength thereof can be 
further enhanced without prominent reduction of the water decomposability, by allowing the water-decomposable non- 
woven fabric to contain a water-soluble or water-swel table binder. When the water-decomposable non-woven fabric 
contains the binder, preferably, the water-decomposable non-woven fabric further contains a water-soluble inorganic 
salt and/or a water-soluble organic salt. Furthermore, it is preferable that the binder is alkyl cellulose, while the water- 

25 decomposable non-woven fabric further contains (A) copolymer of a polymerlzable acid anhydride compound with 
another compound; and/or (B) amino acid derivative. 

DETAILED DESCRIPTION OF THE INVENTION 

X [0019] The water-decomposable non-woven fabric of the invention can be produced by mixing together a first 
regenerated cellulose fiber having a relatively short fiber length, a second regenerated cellulose fiber having a relatively 
long fiber length and a natural fiber having a fiber length of 10 mm or less, and subjecting a fiber web comprising these 
fibers to for example water-jetting treatment whereby the fibers are entangled together. The water-decomposable non- 
woven fabric can procure enhanced wet strength by entangling the second regenerated cellulose fiber together and/or 

35 entangling the second regenerated cellulose fiber with the first regenerated cellulose fiber and/or the natural fiber. 
These fibers composing the water-decomposable non-woven fabric can be readily separated from each other when 
kept in contact with a large amount of water, owing to the presence of the first regenerated cellulose fiber and the nat- 
ural fiber between the fibers of the second regenerated cellulose fiber. 

[0020] The fiber length of the first regenerated cellulose fiber is 3 mm or more to 5 mm or less. If the fiber length of 
40 the first regenerated cellulose fiber is shorter than the lower limit the fibers constituting the non-woven fabric could not 
be entangled to a desired degree at the water-jetting treatment If so, the wet strength of the resulting non-woven fabric 
will be low. On the other hand, the fiber length of the second regenerated cellulose fiber is 6 mm or more to 10 mm or 
less. If the fiber length of the second regenerated cellulose fiber is longer than the upper limit, the fibers constituting the 
non^woven fabric will be entangled too much at the water-jetting treatment In that condition, the water decomposability 
45 of the resulting non-woven fabric will be poor. Herein, the difference in fiber length between the first and second regen- 
erated cellulose fibers Is preferably at least 3 mm or more, more preferably 4 mm or more. 

[0021] The water decomposability and wet strength of the water-decomposable non-woven fabric of the Invention 
are greatly influenced by the fineness of the first and second regenerated cellulose fibers in terms of denier. The fine- 
ness of first and second regenerated cellulose fibers for use In the invention is preferably 12 denier or less. If the fine- 
st) ness is larger than 12 denier, the formation of the non-woven fabric will be not good and, in addition, the productivity 
thereof will be low. More preferably, the fineness of the first and second regenerated cellulose fibers is 7 denier or less. 
[0022] In case that the fineness of the first regenerated cellulose fiber is larger than that of the second regenerated 
cellulose fiber, both the first regenerated cellulose fiber having a relatively short fiber length and the natural fiber having 
a fiber length of 10 mm or less can be readily interposed (without entanglement) between the fibers of the second 
55 regenerated cellulose fiber having a relatively long fiber length. Therefore, the fibers constituting the non-woven fabric 
are prevented from being entangled to an excessive degree, so that the fibers can be readily separated from each other 
when in contact with a large amount of water. In this case, for example, the fineness of the first regenerated cellulose 
fiber is preferably 1 .0 to 7.0 denier, while the fineness of the second regenerated cellulose fiber is preferably 0.5 to 3.0 
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denier. 

[0023] Preferably, one of the first and second regenerated cellulose fibers has the fineness of more than 1 .0 denier, 
while the remaining one has the fineness of 1 .0 denier or less. In this case, more preferably, the fineness of the first 
regenerated cellulose fiber is 1.0 denier or less. 

5 [0024] When the fineness of the first regenerated cellulose liber is 1 .0 denier or less and that of the second regen- 
erated cellulose fiber is from more than 1 .0 denier to 7.0 denier or less, the first regenerated cellulose fiber can readily 
be entangled with other fibers to thereby enhance the wet strength of the resulting water-decomposable non-woven fab- 
ric. Compared with a water-decomposable non-woven fabric formed only of the second regenerated cellulose fiber hav- 
ing a fineness of more than 1.0 denier to 7.0 denier or less and the natural fiber, accordingly, a water-decomposable 

id non-woven fabric produced by replacing a part of the second regenerated cellulose fiber with the first regenerated cel- 
lulose fiber having a fineness of 1.0 denier or less can get higher wet strength {see Table 4). Here, because the fiber 
length of the first regenerated cellulose fiber is as short as 3 to 5 mm, the resulting water-decomposable non-woven 
fabric is readily decomposed in water when in contact with a large amount of water, although the water-decomposable 
non-woven fabric has higher wet strength. In other words, both the wet strength and the water decomposability are 

15 excellent 

[0025] The fiber lengths and denier values of fineness of the first and second regenerated cellulose fibers may be 
defined by the aspect ratio represented by the formula (fiber length divided by denier value) x 1 ,000. In order to provide 
the water-decomposable non-woven fabric with excellent water decomposability and wet strength, therefore, the aspect 
ratios of the first and second regenerated cellulose fibers are preferably 400 or more to 14,000 or less. The aspect ratio 
so varies, depending on the fiber length and fineness. Because the first and second regenerated cellulose fibers are dif- 
ferent in fiber length, the fineness (denier values) of the first and second regenerated cellulose fibers may be the same 
or different. For example, there may be a combination of a regenerated cellulose fiber having a fineness of 7.0-denier 
and a fiber length of 3-mm at an aspect ratio of 428 and a regenerated cellulose fiber having a fineness of 0.5-denier 
and a fiber length of 7-mm at an aspect ratio of 14,000; or a combination of a regenerated cellulose fiber having a fine- 
as ness of 1 .0-denier and a fiber length of 3-mm at an aspect ratio of 3,000 and a regenerated cellulose fiber having a fine- 
ness of 3.0-denier and a fiber length of 1 0-mm at an aspect ratio of 3,333. 

[0026] In order to further enhance the water decomposability and wet strength of the water-decomposable non- 
woven fabric of the invention, it is preferable that the aspect ratiD of the first regenerated cellulose liber is 400 or more 
to 3,000 or less and the aspect ratio of the second regenerated cellulose fiber is more than 3,000 to 14,000 or less and 
30 that the aspect ratio of the second regenerated cellulose liber Is larger by 300 or more than the aspect ratio of the first 
regenerated cellulose fiber. 

[0027] The first and second regenerated cellulose fibers may be blended at an equal amount In case that the fine- 
ness of the first regenerated cellulose fiber is large, however, the first regenerated cellulose fiber is preferably at a 
higher content so as to improve the water decomposability. 

35 [0028] As described above, the water-decomposable non-woven fabric of the invention contains the natural fiber 
having a fiber length of 10 mm or less, In addition to the first and second regenerated cellulose libers. For this natural 
fiber, use is preferably made of a fiber with good disperslbility in water, namely water-dlsperslble fiber. The term 'dis- 
pers'ibllity in water" as used herein essentially expresses the same meaning as that of the term "water decomposability-, 
such that fibers are separated and dissociated from each other when in contact with a large amount of water. Here, the 

40 term "fiber length" as used in the invention means average fiber length. The natural fiber Includes those from wood pulp 
such as soft wood pulp and hard wood pulp, Manila hemp, linter pulp, etc. These natural fibers are biodegradable. 
[0029] Among these natural fibers, soft wood pulp having a fiber length of 3 to 4.5 mm is preferable from the respect 
of water decomposabiDty. When the non-woven fabric containing the soft wood pulp is in contact with a large amount of 
water, the pulp swells and Is then dissociated from the non-woven fabric, to permit the regenerated cellulose fibers 

as therein to be readity decomposable In water. Hence, the water decomposability of the non-woven fabric is enhanced. 
For the soft wood pulp, Its degree of beating preferably falls between 500 and 700 cc or so. The degree of beating Is 
measured in terms of Canadian Standard Freeness. If the degree of beating is smaller than the defined range, the non- 
woven fabric will have a paper-like morphology, and will have a rough feel. If, however, the degree of beating Is larger 
than the defined range, the non-woven fabric could not have high wet strength. 

so [0030] In addition to the first and second regenerated cellulose fibers having different fiber lengths and the natural 
fiber having a fiber length of 10 mm or less, the water-decomposable non-woven fabric of the invention may further con- 
tain additional fibers. The additional fibers include, for example, chemical fibers, synthetic fibers of polypropylene, pol- 
yvinyl alcohol, polyester, polyacrylonltrile, etc, biodegradable synthetic fibers, and synthetic pulp of polyethylene, etc. 
For the additional fibers, moreover, a fibrtllated rayon may be used. The fibrillated rayon is a regenerated cellulose fiber 

55 with Its surface finely fibrillated, namely, a regenerated cellulose fiber from the surface of which microfibers of a subml- 
cron thickness are peeled off. Furthermore, preferably, the fibers to be added are biodegradable, because the resulting 
water-decomposable non-woven fabric can be degraded even when disposed in the natural world. 
[0031] As has been described above, the water-decomposable non-woven fabric is composed of the first and sec- 
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ond regenerated cellulose fibers, the natural fiber having a fiber length of 10 mm or less, and optionally also the addi- 
tional fibers. From the respects of water decomposability and wet strength, the blend ratio of these fibers is preferably 
such that the first and second regenerated cellulose fibers are at a content of 10 to 70 % by weight and the remaining 
fiber is at a content of 30 to 90 % by weight More preferably, the blend ratio is such that the first and second regener- 

5 ated cellulose fibers are at a content of 10 to 50 % by weight and the remaining fiber is at a content of 50 to 90 % by 
weight. Most preferably, the blend ratio is such that the first and second regenerated cellulose fibers are at a content of 
20 to 50 % by weight and the remaining fiber is at a content of 50 to 80 % by weight. Here, the term "remaining fiber" 
indicates the natural fiber having a fiber length of 10 mm or less and the additional fibers If present. Although only two 
types of regenerated cellulose fibers are used in the above, three or more types of regenerated cellulose fibers varied 

jo In fiber length or aspect ratio may be used in combination, satisfactorily. Even when the non-woven fabric contains such 
three or more types of regenerated cellulose fibers, the preferable content of the regenerated cellulose fibers is the 
same as described above. Moreover, in any case, the content of the natural fiber (% by weight) is preferably equal to or 
more than that of the regenerated cellulose fibers. 

[0032] In accordance with the invention, the basis weight (METSUKE) of the fibers is preferably 30 to 80 g/m 2 when 
15 the non-woven fabric is to be used for wiping work in a wet state. If the basis weight is below the lower limit, the non- 
woven fabric cannot have necessary wet strength. If the basis weight is above the upper limit, the non-woven fabric 
lacks softness. When it is to be used for human skin or the like, particularly, the basis weight of the fibers Is preferably 
40 to 60 gym 2 from the point of view of wet strength and soft feel. 

[0033] The non-woven fabric of the inve ntion may be produced by forming a fiber web from the fibers in a wet proc- 
20 ess, followed by subjecting the fiber web to water-jetting treatment. The fiber web referred to herein is meant to indicate 
a sheet as prepared by sheeting a fiber block in such a manner that the fibers constituting it are oriented in some degree 
- in a predetermined direction. The fiber web may also be prepared in a dry process, and may be subjected to water-jet- 
ting treatment. For the water-jetting treatment, employed is an ordinary high-pressure water-jetting device. Through the 
water-jetting treatment, the fiber web is formed into a non-woven fabric that is bulky as a whole and has a soft feel like 
25 cloth. 

[0034] The details of the water-jetting treatment are described. The fiber web is put on a continuously moving con- 
veyor belt, and exposed to high-pressure water-jetting streams to such a degree that the streams applied thereto could 
pass through its back surface. Through the water-jetting treatment, the properties of the non-woven fabric are changed, 
depending on the basis weight of the fiber web processed, the pore diameter of the jetting nozzle used, the number of 
30 pores of the jetting nozzles, the feeding speed at which the fiber web is processed with the water-jetting streams 
(processing speed), etc. Preferably, the water-jetting treatment is carried out in such a manner that the work done cal- 
culated by the following formula Is 0.05 to 0.5 kW/m 2 in one treatment for one surface of the fiber web: 

Work done (kW/m 2 ) « {1.63 x jetting pressure (kgf/cm 2 ) x 

35 

, jetting flow rate (m 3 /min))/processing speed (m/mln). 

Above the upper limit, the fibers may be entangled too much so that the decomposability in water of the resulting non- 
40 woven fabric will be lowered, or the fiber web may. be broken. Below the lower limit, on the other hand, the processed 
non-woven fabric could not be bulky to a desired degree. One or both surfaces of the fiber web may undergo the water- 
jetting treatment For example, one cycle of the water-jetting treatment at 0.05 to 0.5 kW/m 2 over one surface of the fiber 
web can yield a non-woven fabric with preferable waxer decomposability and wet strength. Alternatively, both surfaces 
of the fiber web, namely the back surface and front surface of the fiber web, may be subjected to one cycle of the water- 
45 jetting treatment at 0.05 to 0.5 kW/m 2 , respectively. Additionally, the water-jetting treatment at 0.05 to 0.5 kW/m 2 is pref- 
erably carried out at a water jet hydraulic energy of for example about 5 to 60 kgf/cm 2 . 

[0035] In case that the work done is set as above, additionally, the water-jetting device is preferably equipped with 
nozzles which have an orifice diameter of 90 to 100 microns and are arranged at intervals of 0.3 to 2.0 mm in the cross 
direction (CD) of the fiber web, so as to entangle the libers to an appropriate degree, 
so [0036] After having been formed, it is desirable that the fiber web is directly subjected to the water-jetting treatment 
without being dried, for simplifying the process for the treatment. However, the fiber web may be subjected to the water- 
jetting treatment after having been once dried. 

[0037] The water-decomposable non-woven fabric of the invention can also be produced by a process of entangling 
the fibers together by use of needle, air or the like, wfth no limitation to the water-jetting treatment 
55 [0038] Preferably, the strength at break in wet of the water-decomposable non-woven fabric of the invention that 
contains waxer is at least 100 g/25 mm In terms of the root of the product obtained by multiplying the strength in the 
machine direction (MO) by that in the cross direction (CD). The strength at break in wet (this Is herein referred to as wet 
strength) is meant to Indicate the tensile strength at break (gf) of the non-woven fabric in wet To obtain Its wet strength 
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in terms of the tensile strength at break, a test piece of the non-woven fabric having a width of 25 mm and a length of 
150 mm is immersed in water to thereby infiltrate water of 2.5 times the weight of the non-woven fabric into the test 
piece, and the thus-wetted test piece is pulled until it is broken, by the use of a Tensilon tester, for which the chuck dis- 
tance is 100 mm and the stress rate is 100 mm/min. 
5 [0039] However, the data thus measured according to the method are merely the criterion for the strength of the 
non-woven fabric, and the non-woven fabric of the invention will be comfortably used for wiping purposes so far as it has 
strength that is substantially the same as the wet strength (at least 100 g/25 mm) measured in the manner as above. 
More preferably, the wet strength of the non-woven fabric is at least 130 g/25 mm. 

[0040] Also preferably, the water-decomposable non-woven fabric of the invention has a degree of decomposition 

10 in water of at most 1 50 seconds. The degree of decomposition in water is measured according to the test method of J IS 
P-4501 that indicates the degree of easy degradation of toilet paper In water. The outline of the paper degradation test 
method is described. A piece of the water-decomposable non-woven fabric of the Invention having a length of 10 cm 
and a width of 10 cm is put into a 300-ml beaker filled with 300 ml of ion-exchanged water, and stirred therein with a 
rotor. The revolution speed of the rotor is 600 rpm. The condition of the test piece being dispersed in water is macro- 

is scopically observed, and the time until the test piece is finery dispersed is measured. 

[0041] However, the data thus measured according to the method are merely the criterion for the decomposability 
in water of the non-woven fabric, and the non-woven fabric of the invention will be disposed of in flush toilets and others 
with no problem so far as it has a degree of decomposition in water that is substantially the same as the data (at most 
150 seconds) measured in the manner as above. More preferably, the non-woven fabric of the invention has a degree 

20 of decomposition in water of at most 100 seconds. 

[0042] Even though not containing a binder, the water-decomposable non-woven fabric of the invention could have 
a high degree of decomposition in water and high wet strength. However, in order to further increase the wet strength 
of the non-woven fabric, a water-soluble or water-swellable binder capable of binding fibers together may be added to 
the non-woven fabric. Even in such a case, because the water-decomposable non-woven fabric of the invention has 

25 excellent water decomposability and wet strength from the first, a binder of a smaller amount than those of binders for 
use in conventional water-decomposable non-woven fabrics can yield a water-decomposable non-woven fabric with 
more excellent water decomposability and far higher wet strength. 

[0043] The binder includes, for example, carboxymethyl cellulose; alkyl celluloses such as methyl cellulose, ethyl 
cellulose, benzyl cellulose, etc.; polyvinyl alcohol; modified polyvinyl alcohols having a predetermined amount of a sul- 

30 fonic group or a carboxyl group, etc. The amount of the binder so be added to the non-woven fabric may be small. For 
example, only about 1 to 7 g (preferably, about 2 g) of the binder, relative to 100 g of the fibers constituting the non- 
woven fabric, may be added to the non-woven fabric whereby the wet strength of the non-woven fabric could be much 
increased. As being soluble or swellable in water, the binder dissolves or swells in water when kept in contact with a 
large amount of water. To add the water-soluble binder to the non-woven fabric, employable is a coating method of 

35 applying the binder to the non-woven fabric through a silk screen. On the other hand, the water-swellable binder may 
be added to the fiber web for the non-woven fabric while the fiber web is prepared In a paper-making process. 
[0044] Where the binder is added to the non-woven fabric of the invention, an electrolyte such as a water-soluble 
Inorganic or organic salt may be added thereto along with the binder, whereby the wet strength of the non-woven fabric 
could be increased much more. The inorganic salt includes, for example, sodium sulfate, potassium sulfate, zinc sulfate, 

40 zinc nitrate, potassium alum, sodium chloride, aluminium sulfate, magnesium sulfate, potassium chloride, sodium car- 
bonate, sodium hydrogencarbonate, ammonium carbonate, etc.; and the organic salt Includes, for example, sodium pyr- 
rolidone-carboxylate, sodium citrate, potassium citrate, sodium tartrate, potassium nitrate, sodium lactate, sodium 
succinate, calcium pantothenate, calcium lactate, sodium laurylsulfate, etc. Where an alkyl cellulose is used as the 
binder, it is preferably combined with a salt having a monovalent ion. In particular, sodium sulfate Is the most preferable 

45 because it can increase the wet strength of the water-decomposable non-woven fabric in a greater degree. Where a 
modified or non-modified polyvinyl alcohol Is used as the binder, it is also preferably combined with a salt having a 
monovalent ion. 

[0045] In addition, where an alkyl cellulose Is used as the binder, any of the following compounds may be added to 
the water-decomposable non-woven fabric so as to further Increase the wet strength of the non-woven fabric. For exam- 
so pie, the additional compounds Include (A) copolymers of polymerizable acid anhydride compounds with other com- 
pounds; and (B) amino acid derivatives. 

[0046] The copolymers {A) include compounds formed by copolymerlzlng a malelc anhydride or fumaric anhydride 
as an acid anhydride with methyl me th acrylate, methyl acrylate, ethyl acrylate, ethyl methacrytate or butyl methacrylate, 
namely (meth)acrylate maieate-type resin, (meth)acrylatB fumarate-type resin, vinyl acetate maleate-type resin, rosin- 
55 modified fumarate resin, methyl vinyl ether maleate resin, a-olefin mateate resin, a-olefin fumarate resin, Isobutylene 
maleate resin, and pentene maleate resin. The copolymers are preferably used after saponification with sodium hydrox- 
ide or the like to partially modify the copolymers into water-soluble copolymers In the form of sodium carboxylate salt. 
In this case, the resulting copolymers dissolved in an aqueous solution of an alkyl cellulose can be coated, together with 
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the alky I cellulose, on the non-woven fabric. Alternatively, the resulting copolymers may be dissolved in water, along 
with other compounds such as (B). Then, the resulting mixture is added to the non-woven fabric. When an aqueous 
solution of the copolymer (A) is contained in the water-decomposable non-woven fabric, a concentration of the copoly- 
mer,^) is preferably 0.05 to 5.0 % by weight. When the concentration of the copolymer (A) is below 0.05 % by weight, 
the amino acid derivative (B) may be contained in the non-woven fabric, together with the copolymer (A). Alternatively, 
the amino acid derivative (B) may be contained in the non-woven fabric, in place of the copolymer {A). 
[0047] The amino acid derivative (6) is a compound produced from an amino acid, by subjecting the amino acid to 
acylation, dehydration and condensation, esterification, neutralization of fatty acid, or polymerization. For example, the 
amino acid derivative (B) includes trimethyl glycine as an N-trialkyl-substituted glutamic acid; DL-pyrrolidone carboxylic 
acid, DL-pyrrolidone sodium carboxylate, and DL-pyrrolidone carboxylate triethanolamine, which are produced by sub- 
jecting glutamic acid to dehydration and condensation; N-coconut oil fatty acid acyl L-arginine ethyl DL-pyrrolidone car- 
bonic acid produced by acylation and esterification of arginine, and poly(sodium aspartate) recovered by polymerizing 
aspartic acid. Among them, trimethyl glycine is particularly preferable because of its great safety profile and the 
increased wet strength of the resulting water-decomposable non-woven fabric. When an aqueous solution of the amino 
acid derivative (8) is contained in the water-decomposable non-woven fabric, a concentration of the amino acid deriv- 
ative (B) is preferably 1 to 15 % by weight. When the copolymer (A) is not contained in the water-decomposable non- 
woven fabric, preferably, the amino acid derivative (8) is at a concentration of 5 % by weight or more in the aqueous 
solution. When the copolymer [A) is contained in the water-decomposable non-woven fabric, preferably, the amino acid 
derivative (B) is at a concentration of 1 to 5 % by weight in the aqueous solution. 

[0048] The water-decomposable non-woven fabric of the invention may optionally contain any other substances, 
without interfering with the advantages of the invention. For example, it may contain any of surfactants, microbicides, 
preservatives, deodorants, moisturizers, alcohols such as ethanol, pofyalcohois such as glycerin, etc 
[0049] As having good decomposabitity in water and high wet strength, the water-decomposable non-woven fabric 
of the invention is usable as wet tissue for application to the skin of human bodies including the private parts thereof, or 
as cleaning sheets for toilets and thereabouts. To enhance its wiping and cleaning capabilities for those applications, 
the non-woven fabric may previously contain water, surfactant, alcohol, glycerin and the like. Where the water-decom- 
posable non-woven fabric of the invention is, while being previously wetted with liquid detergent and the like, packaged 
for public sale, it shall be airtightly packaged and put on the market so that it is not spontaneously dried. On the other 
hand, the water-decomposable non-woven fabric may be marketed in dry. The users who have bought the dry water- 
decomposable non-woven fabric may wet it with water or liquid chemicals before use. 

EXAMPLES 

[0050] The invention is described in more detail with reference to the following Examples, which, however, are not 
35 intended to restrict the scope of the invention. 

Example A: 

[0051] Regenerated cellulose fibers and bleached soft-wood kraft pulp (NBKP) (Canadian Standard Freeness, CSF 
4o » 550 ml) in Table 1 were mixed together at ratios in Table 1; and fiber webs were produced according to a wet paper- 
making process for which was used a cylinder paper-making machine. In individual examples, regenerated cellulose 
fibers of variable denier values and fiber lengths were used at different blend ratios. 

[0052] Without being dried but still on the plastic wire, the resulting fiber web put on a running conveyor. While being 
moved at the speed of 30.0 m/min, the fiber web was subjected to water-jetting treatment, whereby the fibers constitut- 
es ing it were entangled. The high-pressure water-jetting device used for the treatment was equipped with 2000 noz- 
zles/meter each having an orifice diameter of 95 microns, at intervals of 0.5 mm between the adjacent nozzles, and the 
pressure of jetting water streams applied to the web was 30 kgf/cm 2 . In that condition, jetting water was applied to one 
surface of the web so that it passes through its back surface. The water-jetting treatment was repeated once again 
under the same condition. Next this was dried with a hot air drier to obtain a water-decomposable non-woven fabric. 
so This was then wetted with 250 g, relative to 100 g of the weight of the non-woven fabric, of ion exchanged water. The 
thus-obtained water-decomposable non-woven fabric was tested for its degree of decomposition in water and its wet 
strength, according to the methods mentioned below. 

[0053] The test for the decomposability in water was based on the test of JIS Pr4501 indicating the degree of 
degradability of toilet paper. Precisely, a piece of the water-decomposable non-woven fabric having a length of 10 cm 
55 and a width of 1 0 cm was put into a 300-ml beaker filled with 300 ml of ion-exchanged water, and stirred therein with a 
rotor. The revolution speed of the rotor was 600 rpm. The condition of the test piece being dispersed in water was mac- 
roscopically observed, and the time until the test piece was finely dispersed was measured (see the following Table - 
the data are expressed in seconds). 
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[0054] The wet strength was measured according to the test method stipulated in JIS P-8135. Briefly, a piece of the 
non-woven fabric having a width of 25 mm and a length of 150 mm was tested both in the machine direction (MD) and 
in the cross direction (CD), by the use of a Tensilon tester, for which the chuck distance was 100 mm and the stress rate 
was 1 00 mm/min. The strength at break (gf) of the test piece thus measured indicates wet strength thereof. The root of 
5 the product of the data in MD and the data in CD [V (data in MD x data in CD)] was defined as the wet strength (see the 
following Table - the data are expressed in g/25 mm). 

[0055] As Comparative Examples, non-woven fabrics each containing a single type of regenerated cellulose fiber 
were prepared and tested in the same manner as in Example A. 
[0056] The results are shown in Table 1 . 
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[0057] From Table 1 , It Is seen that the non-woven fabrics of Examples containing two types of regenerated cellu- 
lose fibers of different fiber lengths were in good balance of water decomposability and wet strength, compared with the 
non-woven fabrics of Comparative Examples containing only one type of regenerated cellulose fiber and NBKP. 
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Example B: 

[0058} In the same manner as in Example A, water-decomposable non-woven fabrics were prepared by using the 
regenerated cellulose fibers in Table 2. As shown in Table 2, however, these non-woven fabrics of Example B were dif- 
5 ferent in basis weight. The water decomposabillty and wet strength of the resulting non-woven fabrics were measured 
In the same manner. 

[0059] The results are shown in Table 2. 

75 
SO 
25 
30 
35 
40 
45 
50 



10 



EP 1 039 024 A1 



3 



oo 
O 



o 



e 

v n O 



o 
£ 

o 

o 
o 

so 



10 



S i 



75 



C4 



00 



20 



-SP 

-2 e 
5-5 



o 
o 



o 
o 



o 
© 



o 

s 



o 
o 



o 
o 



o 
© 



o 

g 



o 
o 



25 



2 



<6 3 

O 3 
CO o. 



o 



o 
>o 



o 
»o 



o 



© 



o 

SO 



O 
so 



o 

SO 



30 



O 

o 
o 



o 



o 



O 



o 



o 



5 



•> 

JO 



o 



O 



40 



o 



o 



8 

o 
-a- 



45 



*> - 



I 

m 



so 



JO 



E 



a 



u3 



i 

a 



ui 



vO 
■ 

v 
a 

e 

•d 

X 

UI 



00 

» 

CQ 



UL) 



O 

1 

ffl 

a. 

E 
* 

CD 



CO 
*> 



CQ 
«> 

a 
E 

2 



55 



[0080] From Table 2, It Is seen that, In the water-decomposable non-woven fabrics of the Inve ntion , the wet strength 
was lowered when the basis weight was 20 g/m 2 ; the water decomposablllty was lowered when the basis weight was 
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100 g/m 2 . Therefore, the basis weight is preferably about 30 to 80 g/m 2 . However, even when the basis weight of the 
water-decomposable non-woven fabric does not fall within the preferred range, the water-decomposable non-woven 
fabric can be prepared in good balance of water decomposability and wet strength by varying the fineness (denier val- 
ues) of the regenerated cellulose fibers, the fiber lengths thereof, the blend ratio of the soft-wood pulp, etc. 

5 

Example C: 

[0061] As Example C-1 , a water-decomposable non-woven fabric was prepared in the same manner as in Example 
A, by using the regenerated cellulose fibers in Table 3. The non-woven fabric of Example C-1 was impregnated with ion 
10 exchange water and then the water decomposability and wet strength thereof were measured in the same manner as 
in Example A. As Comparative Example, a non-woven fabric containing a single type of regenerated cellulose fiber was 
also prepared and tested in the same manner as in the Example A. 

[0062] On the other hand, as Example C-2, the same water-decomposable non-woven fabric as in Example C-1 
was prepared and coated with an aqueous solution of a mixture of alkyl cellulose and (meth)acrylate (ester) maleate 

is copolymer (sodium salt) as binder. The amount of the binder coated was 2 g/m 2 . Subsequently, the non-woven fabrics 
were impregnated with 250 g of a chemical solution {an aqueous solution containing 4 wt % sodium sulfate. 4 wt % tri- 
methyl glycine and 10 wt % propylene glycol), relative to 1 00 g of the non-woven fabric. In the same manner as in Exam- 
ple A, the water decomposabinty and wet strength of the resulting chemical solution-impregnated non-woven fabric of 
Examples C-2 was measured. The basis weight of Examples C-2 In Table 3 was the value after binder coating. 

20 [0063] The results are shown in Table 3. 



Table 3 



Regenerated cellulose fibers (wt%) 


Soft-wood 
pulp (wt%) 


Basis weight 
(g/m 2 ) 


Wet strength 
(g/25 mm) 


Water decom- 
posability (sec- 
onds) 


Denier 


1.0 


3.0 










Fiber length (mm) 


3 


10 










Aspect ratio 


3000 


3333 










Comparative 
Example 1 


no binder 




40 


60 


50.0 


199 


600 or more 


Comparative 
Example 2 


with binder 




40 


60 


52.0 


245 


600 or more 


Example C-1 


no binder 


20 


20 


60 


50.0 


123 


131 


Example C-2 


with binder 


20 


20 


60 


52.0 


173 


139 



40 

[0064] From Table 3, it is seen that wet strength can be raised with almost no reduction of water decomposability. 
when the binder is contained In the non-woven fabric of the invention. . 

Example D: 

45 

[0065] As Example D, water-decomposable non-woven fabrics were prepared by using the regenerated cellulose 
fibers in Table 4 and tested in the same manner as in Example C. The results are shown in Table 4. 
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[0066] From Table 4, it is seen that the non-woven fabrics of Examples D-1 and D-2 containing the first regenerated 
cellulose fibers of the small denier values have higher wet strength than the non-woven fabric of Comparative Example 
without the first regenerated cellulose fiber. Additionally, the water decomposability Is never reduced but rather elevated 
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on contrast. Thus, it is seen that both the water decomposabfllty and wet strength of the water-decomposable non- 
woven fabric of the invention can be enhanced by adding the regenerated cellulose fiber of a shorter fiber length and a 
smaller denier value. Additionally, from Examples D-3 and D-4 in Table 4, it is also seen that a small amount of the 
binder coated on the water-decomposable non-woven fabric of the invention can enhance the wet strength without 
5 much reduction of the water decomposability. 

[0067] As apparently shown insofar, in accordance with the Invention, a water-decomposable non-woven fabric with 
good balance in water decomposability and wet strength can be prepared. Furthermore, the water-decomposable non- 
woven fabric of the invention is bulky with soft touch. 

[0068] Moreover, by adding a binder to the water-decomposable non-woven fabric of the invention, the wet strength 
jo thereof can be enhanced more without interfering with the water decomposability. In this case, additionally, because the 
amount of the binder to be used can be made less than that used for conventional water-decomposable non-woven fab- 
rics, the possibility of damaging the skin of users can be reduced. 

[0089] The invention may be embodied In other specific forms without departing from the spirit or essential charac- 
- teristics thereof. The present embodiment is therefore to be considered in all aspects as illustrative and not restrictive, 
is the scope of the invention being indicated by the appended claims rather than by the foregoing description and all 
changes which come within the meaning and range of equivalency of the claims are therefore intended to be embraced 
therein. 

Claims 

20 

1. A water-decomposable non-woven fabric comprising a first regenerated cellulose fiber having a fiber length of 3 
mm or more to 5 mm or less, a second regenerated cellulose fiber having a fiber length of 6 mm or more to 10 mm 
or less, and a natural fiber having a fiber length of 10 mm or less, wherein at least the second cellulose fiber is 

' entangled with at least one of the first regenerated cellulose fiber, the second regenerated cellulose fiber and the 
25 natural fiber. 

2. A water-decomposable non-woven fabric according to claim 1 , wherein both the first regenerated cellulose fiber 
and the second regenerated cellulose fiber have a fineness of 12 denier or less. 

30 3. A water-decomposable non-woven fabric according to claim 2, wherein both the first regenerated cellulose fiber 
and the second regenerated cellulose fiber have a fineness of 7 denier or less. 

4. A water-decomposable non-woven fabric according to claim 2, wherein one of the first regenerated cellulose fiber 
and the second regenerated cellulose fiber has a fineness of more than one denier while the other has a fineness 

35 of one denier or less. 

t 

5. A water-decomposable non-woven fabric according to claim 4, wherein the fineness of the first regenerated cellu-. 
lose fiber is smaller than the fineness of the second regenerated cellulose fiber. 

40 6. A water-decomposable non-woven fabric according to claim 5, wherein aspect ratios of the first regenerated cellu- 
lose fiber and the second regenerated cellulose fiber are 400 or more to 14,000 or less, the term aspect ratio being 
represented by the formula fiber length divided by denier value x 1 ,000. 

7. A water-decomposable non-woven fabric according to claim 6, wherein the aspect ratio of the first regenerated cel- 
45 lulose fiber is 400 or more to 3,000 or less and the aspect ratio of the second regenerated cellu lose fiber is more 

than 3,000 to 14,000 or less and wherein the aspect ratio of the second regenerated cellulose fiber Is larger by 300 
or more than the aspect ratio of the first regenerated cellulose fiber. 

8. A water-decomposable non-woven fabric according to claim 3, wherein one of the first regenerated cellulose fiber 
so and the second regenerated cellulose fiber has a fineness of more than one denier while the other has a fineness 

of one denier or less. 

9. A water-decomposable non-woven fabric according to claim 8, wherein the fineness of the first regenerated cellu- 
lose fiber Is smaller than the fineness of the second regenerated cellulose fiber. 

55 

10. A water-decomposable non-woven fabric according to claim 9, wherein aspect ratios of the first regenerated cellu- 
lose fiber and the second regenerated cellulose fiber are 400 or more to 14,000 or less, the term aspect ratio being 
represented by the formula fiber length divided by denier value x 1,000. 
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11. A water-decomposable non-woven fabric according to claim 10, wherein the aspect ratio of the first regenerated 
cellulose fiber is 400 or more to 3,000 or less and the aspect ratio of the second regenerated cellulose fiber is more 
than 3,000 to 1 4,000 or less and wherein the aspect ratio of the second regenerated cellulose fiber is larger by 300 
or more than the aspect ratio of the first regenerated cellulose fiber. 

5 

12. A water-decomposable non-woven fabric according to claim 1 , wherein aspect ratios of the first regenerated cellu- 
lose fiber and the second regenerated cellulose fiber are 400 or more to 14,000 or less, the term aspect ratio being 
represented by the formula fiber length divided by denier value x 1,000. 

w 13. A water-decomposable non-woven fabric according to claim 12, wherein the aspect ratio of the first regenerated 
cellulose fiber is 400 or more to 3,000 or less and the aspect ratio of the second regenerated cellulose fiber is more 
than 3,000 to 14,000 or less and wherein the aspect ratio of the second regenerated cellulose fiber is larger by 300 
or more than the aspect ratio of the first regenerated cellulose fiber. 

rs 14. A water-decomposable non-woven fabric according to daim 1, which contains the first regenerated cellulose fiber 
and the second regenerated cellulose fiber in an amount of 10 to 50 % by weight. 

15. A water-decomposable non-woven fabric according to claim 1, which has a basis weight of 30 to 80 g/m 2 . 

20 16. A water-decomposable non-woven fabric according to claim 1 , wherein the natural fiber having a fiber length of 1 0 
mm or less is soft-wood pulp. 

17. A water-decomposable non-woven fabric according to claim 1, wherein water decomposablilty measured according 
to JIS P-4501 is at 1 50 seconds or less. 

25 

18. A water-decomposable non-woven fabric according to claim 1, wherein wet strength Is 100 g/25 mm or more. 

19. A water-decomposable non-woven fabric according to claim 1, wherein the fibers are entangled at water jetting 
treatment. 

30 

20. A water-decomposable non-woven fabric according to claim 1, which contains a water-soluble or water-swellable 
binder. 

21. A water-decomposable non-woven fabric according to claim 20, which further contains at least one of a water-sol- 
35 uble inorganic salt and a water-soluble organic salt 

22. A water-decomposable non-woven fabric according to claim 21 , wherein the binder is alkyl cellulose and the water- 
decomposable non-woven fabric further contains at least one of [A) copolymer of an acid anhydride compound with 
another compound; and (B) amino acid derivative. 

40 
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